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Diagnostic value of chest computed tomography scan based on 
artificial intelligence and deep learning in children with lobar 

pneumonia and analysis of image features before and after 
treatment: A retrospective cohort study 

INTRODUCTION 

Lobar pneumonia is an acute pulmonary                   
inflammatory disease caused by bacteria infection. 
Diplococcus pneumonia has been identified as the 
primary pathogen responsible for this condition (1). 
Epidemiological studies has revealed that lobar   
pneumonia is predominantly prevalent during the 
winter and autumn seasons, with a higher incidence 
rate observed among younger patients, particularly 
those aged between 0-3 years, who often present 
with concurrent viral infections, leading to an overall 
increase in the number of cases (2). With the                    
continuous change of the living environment and the 
main body of the disease, the proportion of lobar 
pneumonia caused by Streptococcus pneumoniae 
infection gradually decreases, while the number of 
lobar pneumonia caused by other bacteria,                
mycoplasma and other pathogens gradually               
increases, which is also one of the main factors         
leading to atypical and changeable clinical symptoms 
of patients with lobar pneumonia (3-4). Imaging             
examination is one of the main means to diagnose 
and detect lobar pneumonia in clinic. Imaging             
examination plays an important role in the initial  

diagnosis and follow-up evaluation of lobar                  
pneumonia in children (5). At present, the main           
imaging examinations include chest X-ray, computed 
tomography (CT) scan and so on (6-7).   

Many scholars believe that X-ray plain film is the 
first choice for patients with lobar pneumonia                
because of its short time and simple operation, but 
some scholars hold the opposite opinion (8). It is            
considered that X-ray plain film examination is a   
simple two-dimensional image, which lacks a                 
comprehensive display of atypical imaging findings of 
lobar pneumonia and is prone to misdiagnosis and 
missed diagnosis (9). Chest X-ray examination has a 
high rate of non-specificity and missed diagnosis, and 
the detection rate of airway foreign bodies is only 
73.9% (10). In recent years, with the continuous             
progress and development of imaging technology, 
chest CT plain scan has been widely used in clinic. CT 
examination time is short, multi-directional imaging 
and high image quality, obvious advantages in               
intuitive, multi-window display of different lung           
segments of the imaging findings.  

CT can effectively detect and diagnose a variety of 
pulmonary diseases, but the physical development of 
children is not mature. Some patients' CT plain scan 
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images and X-ray plain film imaging signs are not 
obvious, affecting patients to receive treatment in 
time (11-13). CT plain scan images of lobar pneumonia 
in children is not typical, observation of single lung 
texture increase, edge blur, consolidation and other 
image features cannot be qualitatively diagnosed, 
easy to be misdiagnosed as lobar atelectasis. Lobar 
atelectasis is a lobar disease, but the volume of lobar 
pneumonia is smaller than that of lobar pneumonia, 
and the adjacent organs are shifted to the lesion area. 
CT scan of lobar pneumonia in consolidation stage 
shows that dense consolidation is mostly distributed 
along the lobes and lung segments, and "air bronchus 
sign" is often seen in it (14). Most patients actually 
start from the periphery of the lung lobe and close to 
the pleura, and then gradually spread out to the            
center of the lung field. According to this                           
characteristic, we can make differential diagnosis 
between them (15-16). A retrospective cohort study 
was conducted to analyze the diagnostic value and 
image features of chest CT scan in children with LP, 
with the aim of further exploring their efficacy before 
and after treatment. 

 
 

MATERIALS AND METHODS 
 

Study population 
A total of 172 children with LP treated in our            

hospital from January 2016 to December 2021 was 
selected. The patients who underwent plain X-ray 
scan were divided into control group (n = 72) and the 
patients who underwent chest CT scan as study 
group (n = 100). In the control group, the age was              
3-14 years old, with an average of (6.35 ±1.73) years, 
including 31 males and 41 females, while in the study 
group, the age was 3-14 years old, with an average of 
(6.69 ±1.56) years, including 56 males and 44             
females. There exited no statistical significance in the 
general data. This study was endorsed by the Medical 
Ethics Association of Wuhan Fourth Hospital (2018-
KY-08), and all patients signed informed consent. 

Inclusion criteria 
Age was 3-14 years old;  
2 patients who met the diagnostic criteria of MP          
infection, the diagnostic criteria were as follows:             
fever, severe cough, shortness of breath and other 
clinical manifestations; lung auscultation thickened 
breath sound, audible wet rale, local respiratory 
sound decreased or disappeared on the affected side, 
and percussion of the focus indicated voiced or solid 
sound; chest imaging examination: a lung segment or 

even a lobe of lung or even one side of the whole lung 
indicated large dense shadow and so on.  
3 segmental or lobar pulmonary parenchyma               
infiltration on chest X-ray or chest CT. 
4 the pulmonary function examination was                   
completed during hospitalization, and the quality 
control was good. 

 

Exclusion criteria 
1. In accordance with the diagnostic criteria of              
bronchial asthma and allergic rhinitis;  
2. Complicated with cardiovascular diseases,               
thoracic malformations, bronchiolitis obliterans,                       
neuromuscular system diseases and other diseases 
affecting pulmonary function;  
3. Patients have contraindications for fiberoptic  
bronchoscope operation and being uncooperative or 
unable to tolerate the operator;  
4. Incomplete case data. 

 

Research methodology 
Patients in both groups were given acetylcysteine 

for inhalation (manufacturer: Hainan Lingkang           
Pharmaceutical Co., Ltd.; Registration No. 
H20140449) Aerosol inhalation therapy, 3mL/ time, 
2 times /d; Budesonide suspension (manufacturer: 
Sichuan Puruite Pharmaceutical Co., Ltd.; The           
registration number is H20140475, and the              
specification is 1mg: 2 mL), and the dose is 0.5mg/ 
(ml times) for children under 2 years old and 1mg/
(2ml times) for children over 2 years old. All patients 
were treated continuously for 1 week. 

 

Control group 
  Radiographic analysis was performed using           

Siemens MultixSelectDR machine (Siemens,                  
Germany). Sets appropriate exposure conditions          
according to the patient's body shape and specific 
conditions. The center line is aimed at the fourth            
thoracic vertebra, and iodine contrast agent is                
injected horizontally through the midpoint of the  
connecting line between the lower corners of the 
scapula on both sides, and then inhaled deeply and 
exposed with breath held. If necessary, take a side 
view and was aimed horizontally through the             
midpoint of the inferior corner of the scapula on both 
sides. Inhale deeply and expose under breath holding. 
Add lateral position if necessary. Adjust the target 
distance to 100-160 cm. Set parameters to 125 kV, 
125 mA, and 0.04-0.06 s. Examination results were 
analyzed by two senior diagnostic imaging physicians 
with 10 years of work experience using double-blind 
method. 

 

Study group 
The CT equipment adopts Toshiba Aquilion           

64-row spiral CT machine in Japan. The examinee is 
in supine position, and those who are young or have 
anxiety are accompanied by the patient's family for 
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Items Control group Study group 
Sample size (n) 72 100 

Males(n) 31 56 
Females(n) 41 44 
Age(years) 6.35 ±1.73 1.56 

Table 1. The baseline data of the patients.  
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CT plain scan and told the patient to breathe              
smoothly. CT scan range: from the bottom of the lung 
to the tip of the lung. Scanning parameters: tube             
voltage 120KV, tube current 40mA, scanning pitch 
0.875, layer thickness 4mm, layer spacing 4mm,            
matrix: 512 × 512, mediastinal window and lung  
window are scanned. Window width and window 
position can be adjusted according to the patient's 
personal condition. In this study, the data were            
randomly divided into training set (named chest 
Xray_train), verification set (named chest_Xray val) 
and test set (named chest_Xray_test), in which 236 
patients' images were used as the training set of the 
model, including 452 pneumonia and 242 normal 
images; 295 samples were used as the validation set, 
including 170 samples of pneumonia and 125            
samples of normal, and the validation set was used to 
select the best training model.  

Finally, the remaining 399 samples were used as 
an independent internal test set, including 282             
pneumonia samples and 117 normal samples, to test 
the performance of the model. The three data sets are 
independent of each other. Firstly, the basic model is 
trained on the training data set, the best model is  
selected by the verification set, the superparameter is 
determined, the overall performance of the model is 
evaluated by the internal test set, and the external 
data is further used for testing. Based on the test          
results of the external test set, the model is evaluated 
and fine-tuned to make it more suitable for the actual 
data set. The SurgiPro diagnosis system is developed 
and designed for thoracic surgeons, which focuses on 
the clinical judgment of pulmonary diseases and              
assists thoracic surgeons in making treatment               
decisions; and the DICOM images of chest CT (layer 
thickness ≤ 1.25 mm) are imported into the two             
systems to record the accurate probability of               
diagnosis of LP in children automatically reported by 
the SurgiPro diagnosis system.  

SurgiPro endows CT with the ability to predict 
pathological classification by analyzing the CT data 
and pathological data characteristics of patients           
during the same period, assisting doctors in grasping 
the optimal surgical opportunity before surgery, and 
enhancing their confidence in operation. SurgiPro can 
realize Iterative reconstruction of all pulmonary        
nodules, intuitively reflect the spatial relationship 
between nodules, tissues and nodules, and make  
doctors' diagnosis more intuitive and three-
dimensional. 

The "ScrynPro™-Intelligent Auxiliary Screening 
System for Pulmonary Nodules V3.3" and "SurgiPro™-
Intelligent Auxiliary Decision System for Pneumonia 
V3.0.1" used in this study are from relevant              
technology companies, and they obtained the                
national CFDA medical device registration certificate 
(Class II) on August 8, 2018, with the registration 
number: Jiangxi Machinery ZhuZhuZhun 
20182210153; Artificial intelligence uses the data of 

nearly 150,000 cases of lung CT in top-level lung            
specialist hospitals and well-known top-level              
hospitals to train artificial intelligence models, and 
the detection sensitivity of pulmonary nodules is ≥ 
97.1%; He won the first place in the 2017 "Tianchi 
Medical AI Competition-Intelligent Diagnosis             
Competition for Pulmonary Nodules". 

 

Observation index 
Sensitivity, specificity, accuracy, positive               

predictive value and negative predictive value were 
used. The formulas for calculating sensitivity,              
specificity, accuracy, positive predictive value and 
negative predictive value are as follows:  

Sensitivity= number of true positives/ (number of 
true positives+ number of false negatives) × 100% 

Specificity= number of true negatives/ (number of 
true negatives+ number of false positives) × 100% 

Accuracy= right number/total number × 100% 
Positive predictive value (PPV) = True Positives/ 

(True Positives+ False Positives) × 100% 
Negative predictive (NPV) = True Negatives/ 

(True Negatives+ False Negatives) × 100% 
 

Statistical analysis 
The data were analyzed by SPSS26.0 and                  

MedCalc19.0.7 statistical software, the sensitivity and 
specificity were used to evaluate, and the positive 
likelihood ratio and negative likelihood ratio were 
calculated. The positive likelihood ratio ≥ 10 and the 
negative likelihood ratio ≤0.10 were considered to be 
of high diagnostic value. The counting data were           
expressed in frequency and percentage, and the 
paired chi-square test was used to compare the           
inter-group rates. The diagnostic accuracy of each 
group was evaluated by using the receiver working 
characteristic (ROC) curve and the area under ROC 
curve (AUC). The results indicated that AUC at 0.5-0.7 
indicated lower accuracy, >0.7-0.9 had certain            
accuracy, and >0.9 had higher accuracy. The              
difference was considered to be statistically              
significant (P<0.05). 

 
 

RESULTS 
 

Imaging features of LP before and after treatment 
with chest X-ray plain film and CT plain scan 

Among the 172 patients with LP, 14 patients with 
congestive stage indicated no obvious abnormal 
changes in chest X-ray, only localized lung texture 
increased and lung field transparency decreased 
slightly. The chest X-ray plain film of the patients in 
consolidation stage indicated a large area of uniform 
and consistent increased density, the appearance and 
scope of which were the same as those of the                
involved lobes and segments, and the "air bronchus 
sign" appeared. After treatment, the density of            
pulmonary window was significantly lower than that 
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before treatment, showing irregular distribution of 
dotted and patchy shadows, and only a small amount 
of striped shadow appeared in patients with better 
absorption. 

In 172 patients with LP, the lesion of LP in             
congestive phase indicated ground glass density 
shadow, and the edge of the lesion area was blurred. 
During consolidation phase, CT indicated that dense 
consolidation shadow was distributed along the lung 
lobe and lung segment, in which "air bronchus sign" 
was often seen. Most of the patients manifested from 
the periphery of the lung lobe and close to the pleura, 
and then gradually spread to the center of the lung 
field. After treatment, the lesion area of the patient 
was absorbed in varying degrees, and the CT plain 
scan indicated that the solid shadow density            
decreased until it was completely absorbed. 

Diagnostic effect of chest CT plain scan and chest          
X-ray plain film  

The sensitivity, specificity, accuracy, positive           
predictive value and negative predictive value of 
chest X-ray plain film were 66.67%, 58.33%, 63.89%, 
76.19% and 46.67% respectively. The sensitivity, 
specificity, accuracy, positive predictive value and 
negative predictive value of chest CT were 82.98%, 
67.92%, 75.00%, 69.64% and 81.82% respectively. 
The sensitivity, specificity, accuracy and negative 
predictive value of chest CT plain scan were higher, 
and the positive predictive value was lower                 
compared to those of chest X-ray plain film. All the 
results are shown in table 3. 

Analysis of imaging features of clinical cases 
The imaging features are shown in figure 1-2. The 

male patient, 3 years old, complained of fever for 1 
days and cough for 2 weeks. The re-examination was 
significantly improved after one week of anti-
infective treatment. Before treatment, CT plain scan 
indicated large patchy high-density shadow in Right 
middle lobe of the right lung of the right lung (figure 
1A), After treatment, CT lung window indicated that 
most of the large patchy high-density shadow in Right 
middle lobe of the right lung disappeared, with only a 
few striped high-density shadows (figure 1B),            
suggesting that the LP of the right lung was                  
significantly improved after treatment. 

 

Analysis of ROC curve of chest CT plain scan and 
chest X-ray plain film  

The results of ROC curve study indicated that the 
AUC of chest CT plain scan was 0.755 (95%CI = 0.657-
0.852), and the AUC of chest X-ray film was 0.625 
(95%CI = 0.486-0.764). The difference was                   
statistically significant (P<0.05) figure 2. 

Typical cases before and after machine diagnosis 
The results of machine learning diagnosis showed 

that the bilateral thorax was symmetrical and the  
trachea and mediastinum were centered. Both lungs 
are clear in texture and normal in shape, mottled 
blurred shadows are seen in the left upper lung, and 
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Without abnormal 

changes (n=14) 
Lesion of LP in 

congestive phase 
Pre-therapy 

Congestive 
stage 

Only a localized increase in 
lung texture and a slight 
decrease in transparency 
of the pulmonary region 

Ground glass 
density shadow, and 
the blurred edge of 

the lesion 
Consolidation 

stage 
Chest X-ray “air bronchus 

sign” 
CT "air bronchus 

sign" 

Post-therapy 

The density of the lung 
window is significantly 

reduced, with irregularly 
distributed dotted and 

patchy shadows. 

The patient's lesion 
is absorbed, and CT 
plain scan shows a 
decrease in solid 
shadow density 

until it is completely 
absorbed. 

Table 2. The varied imaging findings within the 172 cases with 
LP 

Note: LP, lobar pneumonia; CT, Computed Tomography 

Index Sensitivity Specificity Accuracy 
Positive 

predictive 
value 

Negative 
predictive 

value 

X -ray 
66.67

(32/48) 
58.33

(14/24) 
63.89

(46/72) 
76.19

(32/42) 
46.67

(14/30) 

CT 
82.98

(39/47) 
67.92

(36/53) 
75.00

(75/100) 
69.64

(39/56) 
81.82

(36/44) 
χ2 3.346 0.667 2.478 0.515 10.058 
P 0.067 0.413 0.115 0.472 0.001 

Table 3. Diagnostic effect of chest CT plain scan and chest         
X-ray plain film [n/%] 

Note: CT, Computed Tomography. 

Figure 1. Imaging features of clinical cases A. CT image  
demonstrates that large patchy high-density shadow in right 

middle lobe; B. CT image demonstrates that few striped             
high-density shadows. 

Figure 2. ROC curve analysis of chest CT plain scan and chest X
-ray plain film. ROC, Receiver Operating Characteristic Curve; 

CT, Computed Tomography. 
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some of them are consolidated, but no obvious            
abnormal density shadows are found in the other 
lungs. Trachea and bronchus are unobstructed, and 
no obvious abnormality is found in heart and great 
vessels. No obvious swollen lymph nodes were found 
in mediastinum and bilateral armpits. No obvious 
hydrops was found in both chest cavities. Decreased 
liver density (figure 3 A-B). 

 
 

DISCUSSION 
 

Lobar pneumonia (LP) is a condition                          
characterized by pulmonary inflammation resulting 
from various etiologies, including pathogens, physical 
and chemical factors, immune injury, allergy, and 
drugs. Its primary clinical manifestations include  
fever, cough, shortness of breath, dyspnea, and fixed 
wet rales in the lungs. LP is considered one of the 
four major pediatric diseases (1). Up to now,               
pneumonia represents 28-34% of the deaths of            
children under 5 years old worldwide. Nearly 155 
million children (<5 years old) suffer from                
pneumonia every year, of which 11-20 million              
(7-13%) require hospitalization, which places a 
heavy burden on medical institutions (1). Lobar            
pneumonia (LP) is a prevalent form of community-
acquired pneumonia (CAP) in childhood. LP is an 
acute inflammatory condition that manifests as           
diffuse cellulose exudation in the alveoli, primarily 
alveolitis, affecting multiple lung segments (12). It has 
been reported that in recent years, the incidence of 
LP in children is increasing year by year, and has its 
particularity, often lack of clinical characteristics of 
adult typical LP and so on (13). With the application of 
broad-spectrum antibiotics, the rate of drug              
resistance increases, and the etiology also changes. Of 
note, LP is no longer limited to Streptococcus               
pneumoniae (SP), but becomes a single or mixed  
infection of bacteria, viruses, atypical pathogens and 
fungi, which makes the clinical symptoms of LP more 
complex (17). 

Common pathogens of LP in children include           
bacteria, viruses, atypical pathogens, as well as fungi 

and protozoa (18-19). Currently, there is a lack of       
precise reporting on the clinical features of children 
with LP resulting from diverse pathogens. Notably, 
the clinical characteristics of LP in children vary 
across different age groups, particularly between 
infants and school-aged children (21). LP is not only a 
common pathogen of LP in school-age and preschool 
children, but also in 1-3-year-old infants (22). In             
addition, LP may be one of the independent or mixed 
pathogens of severe LP. The main manifestations of 
LP are as follows: at the beginning of the disease,  
general discomfort, fatigue, headache, high fever, 
body temperature often up to 39 ℃, and can be         
accompanied by sore throat and muscle soreness. 
Cough is a prominent manifestation of the disease, 
which is characterized by irritating dry cough at first 
and then intractable severe cough (23). The                    
manifestation of lung signs in children is not deemed 
significant, as some may present with wheezing and 
lung rales, which may be transient in nature, thereby 
rendering the symptoms and signs incongruent with 
the defining features of the ailment (24-25). 

Using multi-slice spiral CT scan, patients can            
obtain CT images of the whole lung by holding their 
breath at one time. The advancement of CT                   
technology has resulted in an increase in its                  
resolution, rendering CT scanning the preferred            
option for supplementary evaluation of LP in               
pediatric patients (26). It can not only effectively solve 
the low detection rate of chest X-ray, but also judge 
whether there is other inflammation by three-
dimensional reconstruction of the airway tree (26). In 
addition, for doctors, the huge CT imaging data               
generated by the promotion of CT screening for LP in 
children brings a huge diagnostic workload (18, 27). At 
present, most hospitals use radiologists to read films 
independently or use computer-aided detection and 
diagnosis system (CAD) to read films, and the   
screening work is mainly done manually by                  
radiologists (28). As early as the 1960s, foreign               
scholars invented the CAD system, adopted computer
-aided radiological diagnosis, and applied it to the 
diagnosis of lung diseases (27). The images on X-ray 
films were transformed into digital information that 
can be recognized and processed by the computer 
system, which made computer-aided radiological 
diagnosis possible and opened a new chapter of            
computer-aided medical diagnosis. Many scholars are 
interested in this direction. It paves the way for early 
screening of lung cancer in the future (29). To date, 
numerous computer-aided diagnostic techniques 
have been devised that proficiently recognize the 
image data of chest X-ray, CT, and positron emission 
tomography (PET). These techniques can be                
employed to detect and categorize lung ailments in 
diverse image formats, thereby furnishing valuable 
assistance to radiologists in film interpretation and 
diagnosis (30-31). 

According to the pathological characteristics of 
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Figure 3. Typical cases before and after machine diagnosis. A 
Typical cases before machine diagnosis; B. Typical cases after 

machine diagnosis. 
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the disease, the course of lobar pneumonia can be 
divided into three stages: exudation, consolidation 
and dissipation (32-33). Among them, the consolidation 
stage can be divided into red and gray liver                   
transformation stages.  

The lesion of LP in the congestive phase indicated 
ground glass density shadow, and the edge of the 
lesion area was blurred (34). During the consolidation 
phase, CT indicated that the dense consolidation 
shadow was distributed along the lobe and segment 
of the lung, in which the "air bronchus sign" was         
often seen (35). Most of the patients with consolidation 
started from the periphery of the lung lobe and close 
to the pleura, and then gradually dispersed to the 
center of the lung field. After treatment, the lesion 
area of the patient was absorbed in varying degrees, 
and the CT plain scan indicated that the solid shadow 
density decreased until it was completely absorbed. 
The sensitivity, specificity and accuracy of chest CT 
plain scan were higher, and the positive predictive 
value was lower compared to the chest X-ray plain 
film diagnosis.  

The positive predictive value of chest CT plain 
scan diagnosis was higher than that of chest X-ray 
plain film diagnosis. Based on AI and DL, the AUC of 
chest CT plain scan was 0.755 (95%CI was 0.657-
0.852), and the AUC of chest X-ray was 0.625 (95%CI 
0.486-0.764). It has been substantiated that chest 
radiography exhibits superior sensitivity and                
specificity in detecting LP in pediatric patients.             
Following treatment, the lesion is gradually                 
reabsorbed, and both X-ray and CT scans are capable 
of effectively demonstrating this process. X-ray             
imaging is the preferred modality, while more severe 
cases may necessitate clinical reassessment based on 
individual patient circumstances.  

CT examination time is short, multi-directional 
imaging and high image quality, obvious advantages 
in intuitive, multi-window display of different lung 
segments of the imaging findings, CT plain scan        
images of LP in children is not typical, observation of 
single lung texture increase, edge blur, consolidation 
and other image features cannot be qualitatively           
diagnosed, easy to be misdiagnosed as lobar                
atelectasis. Lobar atelectasis is a lobar disease, but 
the volume of LP is smaller than that of LP, and the 
adjacent organs are shifted to the lesion area. CT scan 
of LP in consolidation stage shows that dense                 
consolidation is mostly distributed along the lobes 
and lung segments, and "air bronchus sign" is often 
seen in it. Most patients actually start from the          
periphery of the lung lobe and close to the pleura, 
and then gradually spread out to the center of the 
lung field. According to this characteristic, the two 
can be distinguished and diagnosed. 

 
 

CONCLUSION 
 

Taken together, Chest CT has high sensitivity and 

specificity in the diagnosis of LP in children, which 
can clearly demonstrate the imaging features of LP 
before and after treatment and provide reliable         
imaging data for clinic. 
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